1. Introduction {#s0005}
===============

Internet Gaming Disorder (IGD) is defined by a persistent and recurrent involvement with videogames, often leading to significant impairments of daily, work and/or educational activities and has been suggested by the American Psychiatric Association (APA) as a tentative psychiatric disorder requiring further study (*Diagnostic and Statistical Manual of Mental Disorders* \[DSM-5\] ([@bb0010]). According to the DSM-5 ([@bb0010]), IGD is indicated by endorsement of at least five core symptoms (out of nine) over a period of 12 months. More specifically, the diagnostic criteria of IGD include the following nine clinical symptoms: (1) preoccupation with videogames (i.e., "*preoccupation*"); (2) experience of unpleasant symptoms when videogaming is taken away (i.e., "*withdrawal*"); (3) the need to spend increasing amounts of time engaged in videogames (i.e., "*tolerance*"); (4) unsuccessful attempts to control participation in videogames (i.e., "*loss of control*"); (5) loss of interest in previous hobbies and entertainment as a result of, and with the exception of, videogames (i.e., "*give up other activities*"); (6) continued excessive use of videogames despite knowledge of psychosocial problems (i.e., "*continuation*"); (7) deceiving family members, therapists, or others regarding the amount of videogaming (i.e., "*deception*"); (8) use of videogames to escape or relieve negative moods (i.e., "*escape*"); and (9) jeopardizing or losing a significant relationship, job, or education or career opportunity because of participation in videogames (i.e., "*negative consequences*").

Epidemiological research investigating the extension of problems caused by disordered gaming across a number of countries found a relatively low prevalence rate of IGD. Based on the findings reported by robust studies with large and representative samples, IGD was estimated to affect about 5.7% of German adolescents and young adults aged between 12 and 25 years ([@bb0370]). In Korea, IGD has been found to affect about 4.0% of adults aged from 18 to 39 years ([@bb0260]) and 5.9% of adolescents aged between 13 and 15 years ([@bb0400]). Another recent study reported a prevalence rate of IGD about 2.1% amongst Slovenian adolescents 13 years old ([@bb0310]), and in Norway IGD is estimated to affect around 1.4% of individuals aged between 16 and 74 years old ([@bb0375]). Although IGD appears to affect a minority of individuals, its investigation is still warranted given the wide detrimental outcomes generally associated with disordered gaming.

At the psychosocial and behavioral level, a wide range of negative outcomes associated with IGD have been consistently reported by a large body of studies. These include lower social support and health-related quality of life ([@bb0360]), antisocial behavior, anger control problems, emotional distress, decreased self-esteem, and attention deficit hyperactivity disorder ([@bb0365]), social phobia ([@bb0335]), decreased satisfaction with life and low self-efficacy ([@bb0080]), poor academic performance ([@bb0055]), denial coping strategy ([@bb0325]), nicotine use disorder, depression and anxiety ([@bb0260]), interpersonal problems ([@bb0015]), and impaired psychological wellbeing ([@bb0220]).

Despite the relatively high amount of empirical and clinical studies conducted on IGD more recently (e.g., [@bb0095]; [@bb0200]; [@bb0215]; [@bb0290]; [@bb0295]), there is still a substantial amount of inconsistencies in its nosological features due to limited data regarding the clinical course and etiology of this particular condition ([@bb0190], [@bb0195]). Therefore, it is unlikely that the APA will formally recognize IGD until future research has: (i) identified its defining features, (ii) obtained cross-cultural data on reliability and validity of its diagnostic criteria, (iii) determined prevalence rates in representative epidemiological samples in countries around the world, and (iv) evaluated its natural history and examine its associated biological features ([@bb0265]).

In addition to these issues, the limited amount of studies conducted to date examining the psychometric properties of each of the nine diagnostic criteria of IGD produced mixed findings that warrant further investigation. For instance, [@bb0315] reported that the criteria "*give up other activities*", "*tolerance*", and "*withdrawal*" were the most useful and informative criteria. Moreover, [@bb0205] reported that "*escape*" did not add diagnostic accuracy as this criterion lacked specificity. A more recent study conducted by [@bb0170] concluded that "*continuation*", "*preoccupation*", "*negative consequences*", and "*escape*" were more associated with lower levels of IGD while "*tolerance*", "*loss of control*", "*give up other activities*", and "*deception*" where more informative at higher levels of IGD. There may be a few potential explanations for these distinct findings that merit consideration. On the one hand, these studies relied on different assessment tools to evaluate IGD. On the other hand, the samples recruited for these studies differed systematically in their basic demographic features in addition to the different sampling techniques utilized across these studies (e.g., non-probability sampling and probability sampling).

As a way to mitigate these methodological issues, adopting well-established and validated psychometric tools to assess IGD is necessary (see [@bb0110]; [@bb0265]; [@bb0275]; [@bb0300]). For this reason, the Internet Gaming Disorder Scale--Short-Form (IGDS9-SF; [@bb0280]) was developed based upon the nine DSM-5 criteria aforementioned ([@bb0010]). Since its initial development, a number of studies have employed this tool to assess IGD across a wide range of cultural contexts and samples, such as Portuguese ([@bb0285]), Slovenian ([@bb0310]), Italian ([@bb0235]), and Persian ([@bb0380]; [@bb0385]). Overall, these studies reported consistent findings supporting a one-factor model for the IGDS9-SF alongside its suitability to assess IGD in different cultural contexts ([@bb0345]).

The IGDS9-SF has been used extensively internationally and most previous studies investigating the psychometric properties of this tool were exclusively based on the use of Classical Test Theory (CTT) by conducting exploratory factor analysis (e.g., [@bb0280]), confirmatory factor analysis (CFA) (e.g., [@bb0305]), and multiple linear regression (e.g., [@bb0240]). There is, however, an emerging body of literature on the IGDS9-SF that have attempted to provide information regarding its psychometric properties using an Item Response Theory (IRT) approach (e.g., [@bb0105]; [@bb0170]). Despite this emerging IRT-based literature, the field still lacks further psychometric information on the IGDS9-SF at the item level using for example a robust IRT approach since CTT-based approaches are not able to shed light on this issue.

1.1. Item Response Theory {#s0010}
-------------------------

The application of IRT models help determine the precision of psychological scales by identifying two key parameters of an item when using a 2-parameter logistic model (2-PL). The first of these parameters is the *location parameter* (*β*). When answer choices are considered correct/incorrect, the location parameter is often interpreted as item difficulty. However, when using multiple response formats, item location parameters indicate the threshold or level of latent trait between answer choices, thus revealing the level of latent variable wherein someone might choose that response option. The second parameter is the *discrimination or precision parameter* (*α*), which reflects the degree to which an item discriminates individuals across the latent trait, where high values indicate steeper discrimination slopes. Contrary to CTT-based approaches, IRT models assume that the items of a scale are not equally informative across the latent trait range. In fact, in IRT models, one item can provide more or less information than another item according to both parameters (e.g., *α* and *β*). Since the coefficient alpha of two scales might be the same under CTT assumptions, this psychometric approach does not help informing how precise an instrument is at different levels of the latent trait theta (*θ*) ([@bb0020]).

In order to calculate an individual\'s score on a particular latent trait, IRT models need first to identify the item location thresholds (*β*) and discrimination parameters (*α*) for all items of a scale. This calibration is achieved by using the responses of the whole sample to estimate each item parameters. Moreover, the location thresholds (*β*) and discrimination (*α*) parameters can then be used to generate a test information function (TIF), which provides an estimate of the precision of the entire scale across the trait being measured. Note that the peak in the TIF occurs when measurement precision is greatest as the most information in the measurement is identified. If equally precise measurement is desirable across a latent trait range (*θ*), then a relatively flat curve is desirable as it indicates that the items of a scale are highly discriminatory across a range of the trait symptoms or severity being measured ([@bb0075]). The latent trait examined in IRT models (*θ*) is similar to a *z*-score and is assumed to have a mean of 0 and standard deviation of 1 ([@bb0020]). Based on this standardization, clinical research has suggested that the desired TIF would provide information across all levels of a specific trait and might include a range from 2 SD below the mean to 2 SD above the mean ([@bb0330]).

1.2. The current study {#s0015}
----------------------

To the best of the authors\' knowledge, no previous study using polytomous IRT on the nine diagnostic criteria for IGD has been conducted. Since polytomous IRT provides additional psychometric information that is significantly distinct from the psychometric information derived CTT-based research (see [@bb0125] for a discussion), such investigation may have the potential to yield fruitful insights that may help inform official medical bodies (e.g., APA) about the specific diagnostic properties the nine IGD criteria ([@bb0265]; [@bb0270]).

In light of the aforementioned, the aim of the present study was twofold. First, to translate and validate the Polish version of the IGDS9-SF and provide further cross-cultural information about the scale. Second, to determine the extent to which the IGDS9-SF can reliably differentiate between individuals at different levels of the IGD latent trait and provide further psychometric evidence using polytomous IRT. It is envisaged by the present authors that this study will contribute to the broader international discussion on the usefulness of the nine IGD criteria for assessing disordered gaming (see [@bb0155], [@bb0160]; [@bb0165]; [@bb0340]).

2. Method {#s0020}
=========

2.1. Participants and procedures {#s0025}
--------------------------------

In the present study, we aimed at recruiting a large and heterogeneous sample of online gamers from Poland. In order to achieve this goal, administrators from the three most popular gaming forums in Poland (i.e., [www.gry-online.pl](http://www.gry-online.pl){#ir0005}, [www.gamesboard.pl](http://www.gamesboard.pl){#ir0010}, and [www.gamesfanatic.pl](http://www.gamesfanatic.pl){#ir0015}) were individually contacted and invited to collaborate with the research team by assisting the researchers in the recruitment process of the sample. After obtaining permission from all three forum administrators, data collection was carried out by disseminating a link to an online survey created and hosted on Qualtrics ([www.qualtrics.com](http://www.qualtrics.com){#ir0020}) containing the study\'s main psychometric instruments. More specifically, the link of the survey was disseminated by all three gaming forums through their email subscriptions service, threads on each online forum, and via their official social media channels (e.g., Facebook, Twitter, and YouTube). The data collection period spanned from March 23rd until May 24th, 2017.

During the data collection stage, the link of the study\'s survey was advertised on a weekly basis using the social media channels from all three forums aforementioned in order to recruit gamers to take part in the survey. After clicking on the survey\'s link, respondents were redirected to the study\'s questionnaire and briefed about their right to remain anonymous and confidential. Moreover, participants\' eligibility was initially verified by asking if they had played videogames in the past 12 months, with those answering '*no'* to this question being removed from the analysis. As a result, a total of 110 participants (3.2%) were removed on the basis of this initial inclusion criterion. Upon completion of the recruitment process, a total of 3377 participants were successfully recruited. Overall, the sample\'s mean age was 20 years (*SD* = 4.3 years, range 12--49 years) and in terms of gender distribution, males represented 82.67% (*n* = 2789) of the total sample.

The study was approved by the ethics committees of the research team\'s institutions, and electronic consent was obtained from all participants as a requirement to partake in the present study. Furthermore, all procedures were followed in accordance with the ethical standards of the responsible committee on human experimentation and with the Helsinki Declaration of 1975, as revised in 2005.

2.2. Measures {#s0030}
-------------

### 2.2.1. Sociodemographics and gaming-related behaviors {#s0035}

The survey included questions that were comparable to previous similar psychometric studies (e.g., [@bb0235]; [@bb0285]; [@bb0345]) using the IGDS9-SF ([@bb0280]). Thus, sociodemographic data of participants\' gender, age, and relationship status were collected. Gaming-related behaviors were assessed by three questions asking participants about their average time spent gaming during the weekdays (Monday to Friday) and weekends (Saturday and Sunday), and average time spent per gaming session. Finally, the survey included a question asking if participants played any videogames from their smartphones (yes/no), if they agreed with following statement: '*I would consider myself addicted to video games.*' (answers ranged from 1 'Strongly disagree' to 5 'Strongly agree'), and if they were active gamers (yes/no).

### 2.2.2. Internet Gaming Disorder Scale--Short-Form (IGDS9-SF) {#s0040}

The nine-item IGDS9-SF ([@bb0280]) is a short psychometric tool based on the nine core criteria defining IGD as suggested by the DSM-5 ([@bb0005]). This tool assesses the severity of IGD and its detrimental effects by examining both online and/or offline gaming activities occurring over a 12-month period, and all of its nine items are answered using a 5-point scale: 1 ('*Never*'), 2 ('*Rarely*'), 3 ('*Sometimes*'), 4 ('*Often*'), and 5 ('*Very often*'). Participants\' total scores can be obtained by summing participants\' responses to the nine items and can range from 9 to 45, with higher scores being indicative of a higher degree of disordered gaming. As suggested by [@bb0280], in order to distinguish between disordered and non-disordered gamers, researchers can operationalize endorsement of the nine diagnostic criteria by recoding responses given by participants as 5 ('*Very often*') as endorsement of specific criterion.

In order to develop the Polish version of the IGDS9-SF, standard procedural methods and guidelines used for the process of cross-cultural adaptation of self-report measures were adopted ([@bb0030]). The forward translation process of the IGDS9-SF was carried out by two independent bilingual translators whose mother tongue was Polish, this procedure involved translating the original English version of the IGDS9-SF to Polish. Discrepancies that have emerged between the two translations were dealt by the research team members that are fluent in Polish. Following this procedure, an interim version of the Polish IGDS9-SF was generated, and then back-translated into English by two independent native English speakers that were not aware of the IGDS9-SF. In order to ensure the contents of the scale were preserved (i.e., semantic properties) in the Polish IGDS9-SF, the back-translated versions were compared with the original IGDS9-SF. Following this, the translated versions of the IGDS9-SF were then consolidated in a session carried out by the research team and all translators. Finally, the Polish version of IGDS9-SF was piloted by 52 potential test-takers (51% male, Mean~age~ = 21.4 years, SD = 3.5 years) who shared their perceptions and interpretations of each of the nine Polish items of the IGDS9-SF, this procedure aided the assessment of facial and content validity of the Polish IGDS9-SF (see [Appendix 1](#s0090){ref-type="sec"}).

2.3. Data management and analytic strategy {#s0045}
------------------------------------------

Data management involved cleaning the dataset by inspecting cases with severe missing values across the IGDS9-SF. Multiple imputation was carried out whenever missing was at random cases missing up to 2 items out of the nine IGDS9-SF items (*n* = 117, average replacement of 0.4%) using the package mice (Multivariate Imputation by Chained Equation Version 2.3) ([@bb0355]) in R system for statistical computing Version 3.4.1 (<https://www.r-project.org>). Furthermore, a total of 155 (4.6%) cases were excluded from the analyses due to presenting severe missing values on ≥3 items of the IGDS9-SF.

As for the assessment of univariate normality, no item of the IGDS9-SF had absolute values of Skewness \> 3.0 and Kurtosis \> 8.0 ([@bb0180]). In order to screen for univariate outliers, a standardized composite sum score of the IGDS9-SF using all nine items was created and participants were deemed univariate outliers if they scored ±3.29 standard deviations from the IGDS9-SF z-scores. This threshold was adopted because it includes around 99.9% of the normally distributed IGDS9-SF z-scores ([@bb0085]). The data were also screened for multivariate outliers using Mahalanobis distances and the critical value for each case based on the chi-square distribution values, which resulted in no further exclusion of participants. Finally, the data were also checked for accuracy and missing values (i.e., missing two or less items on the IGDS9-SF). As a result of the aforementioned data cleaning procedures, a final sample size of 3222 (95.4%) participants was eligible for all the subsequent analyses.

2.4. Statistical analyses {#s0050}
-------------------------

The statistical analyses comprised descriptive analysis of the characteristics of the sample (i.e., frequencies and percentages); construct validity and unidimensionality assessment of the IGDS9-SF via Confirmatory Factor Analysis (CFA); reliability analysis of the IGDS9-SF using Cronbach\'s alpha and Composite Reliability (CR) and Factor Determinacy (FD) coefficients of internal consistency; criterion validity analysis of the IGDS9-SF by estimating the CFA model with covariates in a Multiple Indicator, Multiple Cause (MIMIC) model including the latent construct of IGD and observable measures such as participants\' self-reported frequency of gameplay. The statistical analyses outlined above were conducted using IBM SPSS Version 23 (IBM [@bb0070]) and *Mplus* 7.2 ([@bb0245])

Further psychometric testing was carried out through polytomous IRT in order to ascertain which items of the IGDS9-SF were moderately to highly discriminant and better suited for identifying moderate levels of gaming disorder. For the IRT analyses, local independence was examined by using the Q~3~ statistic with a critical score of correlated residuals \> 0.20 ([@bb0065]; [@bb0395]). One residual correlation between items 3 and 9 was found to violate this assumption (0.23), indicating that these two items are somewhat dependent even after accounting for latent traits ([@bb0065]; [@bb0395]). All other residual correlations were below 0.20. Monotonicity assumption was examined by plotting trace curves for each item, examining the ordering of Likert responses and item fit characteristics. The IRT analysis was performed with R system for statistical computing using the mirt package (Multidimensional Item Response Theory Version 1.25) and the default dimensional reduction expectation/maximization (EM) algorithm suggested for unidimensional models ([@bb0050]; [@bb0060]).

3. Results {#s0055}
==========

3.1. Descriptive statistics {#s0060}
---------------------------

With regards to the age of participants, about 21% (*n* = 677) were 12--16 years old, 69.2% (*n* = 2230) were 17--25 years old, 8.5% (*n* = 274) were 26--37 years old, and the remainder of participants were 38--46 years old (0.6% *n* = 20). As for participants\' relationship status, 70.5% (*n* = 2268) reported not being in a romantic relationship.

Further descriptive analysis indicated that the majority of sample (65.3% *n* = 2203) had been playing videogames for an average of 8 years (*SD* = 2.9 years). The average time spent playing videogames was 7.5 h for weekdays (*SD* = 6.73 h) and 7.17 h for weekends (*SD* = 5.31 h), further reflecting an average of about 2.79 h per gaming session (*SD* = 2.12 h). Finally, about 22.3% (*n* = 717) of the sample reported using their smartphones to play videogames, and a total of 14.4% (*n* = 464) either '*agreed*' or '*strongly agreed*' to the following statement: "*I would consider myself addicted to videogames*". Finally, the vast majority of the sample considered themselves to be gamers (76.4% *n* = 2462).

3.2. Construct validity and unidimensionality {#s0065}
---------------------------------------------

Construct validity and unidimensionality of the IGDS9-SF was investigated by performing a CFA with robust maximum likelihood estimation method (MLR) on its nine items to test the one-factor solution as previously reported ([@bb0235]; [@bb0310]; [@bb0280]; [@bb0285]; [@bb0380]; [@bb0385]). Conventional fit indices and thresholds were used to examine the goodness of fit of the model under analysis: χ^2^/d.f. \[1;4\]; Root Mean Square Error of Approximation (RMSEA) \[0.05;0.08\], RMSEA 90% Confidence Interval (CI) with its lower limit close to 0 and the upper limit below 0.08; probability level value of the test of close fit (Cfit) \> 0.05; Standardized Root Mean Square Residual (SRMR) \[0.05;0.08\]; Comparative Fit Index (CFI); and Tucker-Lewis Fit Index (TLI) \[0.90;0.95\] ([@bb0035]; [@bb0040]; [@bb0135]; [@bb0140]). The CFA yielded the following results: χ^2^~(27)~ = 188.753; χ^2^/df = 6.99; CFI = 0.968; TLI = 0.958; RMSEA = 0.043 \[90% CI: 0.037--0.049; Cfit = 0.98\]; SRMR = 0.025. Overall, the results of the CFA produced acceptable standardized item loads (i.e., λ~ij~ ≥ 0.50, *p* \< 0.0001), with the exception of criterion '*escape*' (λ~item8~ = 0.47, *p* \< 0.0001) (see [Fig. 1](#f0005){ref-type="fig"}). However, this result was not deemed problematic given that standardized loadings between 0.45 and 0.54 are considered '*fair*' in social science ([@bb0350]).Fig. 1Graphical summary of the confirmatory factor analysis results obtained from the nine items of the IGDS9-SF (N = 3,222).Fig. 1

3.3. Criterion-related validity {#s0070}
-------------------------------

Criterion validation of the IGDS9-SF was investigated with a MIMIC model whereby IGD was predicted by the following gaming-related behaviors: average time spent playing videogames during the weekdays and weekends, and average time spent per gaming session. These gaming-related behaviors were selected as the three main external criteria. The criteria choice should be based on variables that are reliable indicators of the trait the instrument intends to measure ([@bb0320]). Several studies have shown that IGD is commonly associated with greater frequency of gameplay ([@bb0100]; [@bb0210]; [@bb0255]; [@bb0280]; [@bb0325]).

In line with the previous findings, the results demonstrated that IGD was positively influenced by time-spent gaming during the weekdays (β = 0.08, *p* = 0.001), weekends (β = 0.36, *p* = 0.001), and average time spent per gaming session (β = 0.09, *p* = 0.001). Furthermore, the MIMIC model presented with excellent fit to the data (χ^2^~(51)~ = 275.323; χ^2^/df = 5.39; CFI = 0.963; TLI = 0.954; RMSEA = 0.037 \[90% CI: 0.033--0.041; Cfit = 1\]; SRMR = 0.025) (see [Fig. 2](#f0010){ref-type="fig"}), lending further empirical support to the measure\'s criterion-related validity.Fig. 2Summary of the criterion-related validity analysis using MIMIC model predicting overall Internet Gaming Disorder scores by average time spent playing videogames during weekdays and weekends, and average time spent per gaming session (N = 3,222).Fig. 2

3.4. Reliability analysis {#s0075}
-------------------------

The internal consistency of the scale was evaluated using different coefficients of reliability. More specifically, reliability level estimated by the Cronbach\'s alpha was excellent (α = 0.82) while the CR coefficient was 0.87, which is well above the recommended threshold of 0.70 ([@bb0090]; [@bb0120]). Finally, reliability as measured by the FD coefficient was 0.91, which is above the desired threshold of 0.80 ([@bb0245]). Taken together, these results suggest that the Polish version of the IGDS9-SF presents with excellent internal consistency levels given the high coefficients obtained, a finding that echoes the findings of similar studies using the IGDS9-SF in other countries (e.g., [@bb0235]; [@bb0310]; [@bb0280]; [@bb0285]; [@bb0380]; [@bb0385]).

3.5. IRT Analysis {#s0080}
-----------------

In order to further investigate the diagnostic properties of the IGDS9-SF from a psychometric perspective, a graded response model ([@bb1000]) was analyzed and compared to a generalized partial credit model ([@bb2000]). The 2-PL model is calculated by solving for *α* and *β*:$$\left. P\left( {\mu = 1} \right|\theta \right) = \frac{e^{\alpha{({\theta - \beta})}}}{1 + e^{\alpha{({\theta - \beta})}}}$$that creates an item characteristic curve denoting the slope *α* and location *β* for each item. This formula can be modified to examine multiple response formats (polytomous models) by calculating the thresholds between categories, rather than examining one incorrect/correct discrimination. The graded response model ([@bb1000]) is the simplest model, where each response option threshold is compared to all response options above that level. The threshold indicates the location on *θ* at which individuals would be equally likely to indicate comparison response options. Therefore, *β*~1~ is a 2-PL using answer choice 1 versus all other answer choices (i.e., 2, 3, 4, and 5), while *β*~2~ indicates the threshold between answer choice 2 and 3, 4, and 5. In comparison, a generalized partial credit model ([@bb2000]) does not assume that response options are ordered, and instead calculates *β* values by comparing adjacent response options. Thus, *β*~1~ would indicate the location of answer choice 1 to 2, while *β*~2~ would indicate the location for answer choice 2 to 3, respectively. To determine which model approximated the data, the Akaike Information Criterion (AIC) was used to compare a graded response and generalized partial credit model. Models with lower AIC values are desirable, as they indicate a closer fit to a true model ([@bb3000]). The results indicated that the graded response model showed better fit to the data (AIC~graded\ model~ = 70,167.85; AIC~graded\ partial\ credit\ model~ = 70,354.38). [Table 1](#t0005){ref-type="table"} includes parameter estimates for the model, as well as item fit statistics.Table 1Overall descriptive statistics across all items of the Polish IGDS9-SF (N = 3222).Table 1Itemλ~ij~*t*Mean (SD)SkKuR^2^1. Do you feel preoccupied with your gaming behavior? (Example: Do you think gaming has become the dominant activity in your daily life?)0.7345.112.12 (1.13)0.71−0.420.412. Do you feel more irritability, anxiety or even sadness when you try to either reduce or stop your gaming activity?0.6441.501.84 (1.01)1.150.740.393. Do you feel the need to spend increasing amount of time engaged gaming in order to achieve satisfaction or pleasure?0.7244.092.17 (1.13)0.73−0.270.394. Do you systematically fail when trying to control or cease your gaming activity?0.6337.291.91 (1.05)1.140.700.355. Have you lost interests in previous hobbies and other entertainment activities as a result of your engagement with the game?0.6232.291.71 (1.13)1.511.190.296. Have you continued your gaming activity despite knowing it was causing problems between you and other people?0.7841.252.15 (1.27)0.82−0.490.377. Have you deceived any of your family members, therapists or others because the amount of your gaming activity?0.6036.331.89 (1.03)0.960.090.338. Do you play in order to temporarily escape or relieve a negative mood (e.g., helplessness, guilt, anxiety)?0.4721.492.88 (1.21)−0.08−0.910.149. Have you jeopardized or lost an important relationship, job or an educational or career opportunity because of your gaming activity?0.6337.231.84 (1.05)1.120.400.35[^1]

A visual inspection of the trace curves for each item indicated that the items of the IGDS9-SF appear monotonic (see [Fig. 3](#f0015){ref-type="fig"}), wherein Likert choices of the scale are ordered. Item location threshold values (*β*) can be found in [Table 2](#t0010){ref-type="table"}. In addition to ordering, these curves were examined to determine if each answer choice showed an area of latent trait that they were most probable. As a result, criteria "*give up other activities*" (item 5) and "*escape*" (item 8) showed that choice 2 '*rarely*' was depressed in relation to other item choices, thus, portraying that individuals were unlikely to select *'rarely'* in comparison to other answer choices. Analysis of the discrimination levels (*α*) for each item was overall high (i.e., \<1.0) with the lowest level criterion "*escape*" (*α*~item\ 8~ *=* 0.88). Criteria '*preoccupation*' (*α*~item\ 1~ *=* 1.72) and '*withdrawal*' (*α*~item\ 2~ *=* 1.71) were the strongest discrimination items, followed by '*tolerance*' (*α*~item\ 3~ *=* 1.60), '*continuation*' (*α*~item\ 6~ *=* 1.59), '*negative consequences*' (*α*~item\ 9~ *=* 1.56), '*loss of control*' (*α*~item\ 4~ *=* 1.53), '*deception*' (*α*~item\ 7~ *=* 1.48), *and* '*give up other activities*' (*α*~item\ 5~ *=* 1.38). Item fit was calculated using the generalized *S*-χ^2^ statistic ([@bb0150]; [@bb0250]), which calculates the sum of the differences between observed and expected proportion of responses for each test score. Significant scores indicate potential misfit to the model; however, these statistics are also sensitive to large sample sizes given the *N* multiplier in their formula. Item fit was acceptable for most items, with the poorest fit for criteria "*continuation*" (*S*-χ^2^~item\ 6~ = 132.65, *p* = 0.001), "*deception*" (*S*-χ^2^~item\ 7~ = 125.26, *p* = 0.005), and "*escape*" (*S*-χ^2^~item\ 8~ = 177.50, *p* ≤0.001).Fig. 3Trace curves for the items of the IGDS9-SF.Fig. 3Table 2Item statistics for the graded response model across all items of the Polish IGDS9-SF (N = 3222).Table 2Itemα*β*~1~*β*~2~*β*~3~*β*~4~*S-*χ^2^df*p*Item 11.72−0.370.541.562.6577.34830.655Item 21.71−0.041.022.012.9297.36830.134Item 31.60−0.530.551.612.5788.98840.334Item 41.53−0.161.012.042.84101.69880.151Item 51.380.551.241.962.8596.28910.333Item 61.59−0.210.611.382.22132.65840.001Item 71.48−0.090.912.093.39125.26870.005Item 80.88−1.94−0.820.902.94177.5085\<0.001Item 91.560.060.981.993.12112.32860.030[^2][^3]

The test information curve \[I(*θ*)\] is calculated by summing information provided by each item across *θ*:$$I\left( \theta \right) = \sum\limits_{i}\alpha_{i}^{2}P_{j}\left( {\theta,\beta_{\mathit{ij}},\alpha_{i}} \right)Q_{j}\left( {\theta,\beta_{\mathit{ij}},\alpha_{i}} \right)$$

*P*~*j*~ (*θ, β, α*) indicates the likelihood of selecting a response choice (*j*) at a given latent trait level for each item (*i*), while *Q*~*j*~ (*θ, β, α*) calculates the likelihood of *not* selecting that response choice \[i.e., 1 - *P*~*j*~ (*θ, β, α*)\]. [Fig. 4](#f0020){ref-type="fig"} contains the test information curve estimated and indicates that overall the IGDS9-SF is useful at measuring IGD levels above the mean (i.e., the curve peaks at *z-*scored latent traits of 0--2), which is especially necessary for a clinical diagnostic tool. Information below the mean is present, covering a range close to the desired −2 to +2 for diagnosticity. These results were replicated when the dataset was examined for participants with complete data (i.e., no missing data imputation) and for smaller subsamples of the data (i.e., randomly sampling one third of the dataset).Fig. 4Test information curve for the overall IGDS9-SF.Fig. 4

4. Discussion {#s0085}
=============

The present study aimed at determining the extent to which the Polish version of the IGDS9-SF can be a valid and reliable psychometric tool to assess IGD in Polish speaking samples, and evaluating the scale\'s ability to differentiate between individuals at different levels of the IGD latent trait via a polytomous IRT analysis. Overall, the results from the psychometric analyses conducted provided support for the scale\'s validity at the construct, criterion, and factorial validity level. Similarly to what has been found in previous studies using the IGDS9-SF in international samples, a one-factor solution was found in the present study. This finding concurs with a large body of recent studies using the IGDS9-SF in Portugal ([@bb0285]), Slovenia ([@bb0310]), Italy ([@bb0235]), Iran ([@bb0380]; [@bb0385]), Australia, India, United States of America, and the United Kingdom ([@bb0345]).

Further psychometric analysis indicated satisfactory levels of overall construct and criterion-related validity according to the chosen external criteria. Although the magnitude of the associations between the three gaming-related behaviors (i.e., average time spent playing videogames during the weekdays and weekends, and average time spent per gaming session) and the levels of IGD were not exceedingly high, they were in the expected direction and thus echo previous findings. [@bb0380] and [@bb0385]assessed IGD symptoms with the IGDS9-SF in a representative sample of 2363 Iranian adolescents and found a positive association between levels of IGD and weekly hours spent on gaming. In a similar vein, a recent study conducted by [@bb0130] in a sample of 375 Lebanese students also found IGD levels (measured with the Internet Gaming Disorder Test \[IGD-20 Test\]; [@bb0290]) to be positively associated with greater time spent playing videogames. In terms of reliability, the analyses conducted provided excellent reliability coefficients at different levels, further supporting the findings of previous similar studies using the IGDS9-SF. Taken together, these findings lend further support to the validity and reliability of the IGDS9-SF and illustrate its suitability to assess IGD in Polish speaking samples.

Another aim of the present study was to contribute to the broader discussion about the validity of each of the nine IGD criteria given the mixed findings previously reported. Overall, the polytomous IRT analysis indicated that the IGDS9-SF is a suitable psychometric tool to assess IGD as the scale was able to measure the high end of the latent trait IGD with the most information possible. This finding is important given that IGD is a tentative psychiatric condition that needs to be clinically assessed effectively. Although the IGDS9-SF appears to be a suitable measure for assessing IGD levels above the mean (e.g., clinical samples with severe symptoms), which is particularly necessary for a clinical diagnostic tool, some criteria appeared to be psychometrically problematic.

More specifically, criteria 7 (i.e., "*deception*"; IGDS9-SF item 7) and 8 (i.e., "*escape*"; IGDS9-SF item 8) presented with the poorest fit in comparison to the remaining criteria. In one of the few clinical samples where the nine IGD criteria were assessed, it was found that criteria 7 (i.e., "*deception*") and 8 (i.e., "*escape*") presented with the poorest diagnostic accuracy ([@bb0185]). Thus, the present findings substantiate the results reported by [@bb0185]. There are a few potential explanations for this finding at the theoretical level. First, criterion 7 (i.e., "*deception*") may understood to be socially dependent, hence it may not be entirely appropriate to measure IGD-related symptoms in gamers without a therapist and/or significant others living with them. Second, with regards to criterion 8 (i.e., "*escape*"), a large body of empirical studies reported that "*escape*" is one of the main motives for videogame playing (e.g., [@bb0025]; [@bb0145]; [@bb0390]), and further studies (e.g., [@bb0045]; [@bb0115]; [@bb0175]; [@bb0225]; [@bb0380]) found "*escape*" to be the motivational factor mostly associated with disordered gaming. These studies illustrate the intricacies between disordered gaming and "*escape*" as it is not clear the role of this variable in the etiology of IGD. The role of "*escape*" in IGD should be further investigated in clinically-diagnosed samples in order to ascertain to what extent this criterion is a useful indicator of disordered gaming or if it may be best operationalized as a motivational factor for playing videogames.

The IRT analysis further indicated that criterion 6 (i.e., "*continuation*"; IGDS9-SF item 6) also presented poor fit in the sample recruited. It could be hypothesized that this criterion may be a better indicator of disordered gaming at less severe levels, which implies assigning less weight to this criterion in comparison to other diagnostic criteria. This assumption is congruent with previous studies recently conducted. For example, the study by [@bb0170] in a sample of 4887 Hungarian gamers found that the criteria "*continuation*", "*preoccupation*", "*negative consequences*", and "*escape*" were mostly associated with lower severity of IGD, while "*tolerance*", "*loss of control*", "*give up other activities*", and "*deception*" were mostly associated with more severe levels of IGD. Although the criteria outlined exhibited poor fit, they were still good discriminators with ordered levels, indicating that the criteria are somehow useful but with potential to measure better IGD.

Although the present findings are not definite given constraints within the design and sample of the study, the study presents preliminary evidence suggesting that not all nine criteria should have the same diagnostic weighting. This particular finding is supported by emerging evidence showing discrepancies amongst the nine IGD criteria in terms of how they contribute towards final IGD diagnosis. The results reported here could be used to inform the next revision of the nine IGD criteria in the DSM-5 in order to refine and enhance its diagnostic features. Although the results obtained were robust, there may be a few potential limitations that should be taken into consideration when interpreting the findings reported. Even though the sample was relatively large and heterogeneous, participants were recruited using a non-probability sampling technique, which potentially limits the external validity of the findings reported. Another potential limitation worth mentioning is related to the fact that in the present study no information regarding gamers\' preference about the video games they played and/or video game genre was collected. By collecting such information, researchers can model their data using alternative approaches (e.g., modelling with nested data) that may be fruitful. Additionally, it is known that assessment tools of psychiatric disorders with low prevalence rates tend to present with low positive predictive values, which implies that only a small proportion of those who test positive are truly disordered ([@bb0230]). Consequently, disregarding the low positive predictive values, could potentially lead to inflated prevalence rates of a disorder, leading to unnecessary overpathologization of behaviors. The present study also had a sample with a high percentage of male gamers, this should also be taken into account, as these findings may not be entirely representative to both genders.

Irrespective of these potential limitations, the results obtained support the validity and reliability of the Polish IGDS9-SF and its overall suitability to assess IGD in Polish speaking samples. With regards to the results obtained in the IRT analysis, it was found that some criteria might perform better than other under certain conditions. The findings of the present study will hopefully pave the way to future clinical studies aimed at ascertaining the validity of each IGD criteria and their suitability to measure this construct at different levels.

Appendix 1. Polish Internet Gaming Disorder Scale--Short-Form (IGDS9-SF) {#s0090}
========================================================================

Unlabelled TableNigdyRzadkoCzasamiCzęstoBardzo często1. Czy czujesz się zatroskany/a swoim zachowaniem związanym z grami? (Kilka przykładów: Czy rozmyślasz o swojej wcześniejszej aktywności związanej z grami? Czy uważasz, że granie stało się dominującą aktywnością w Twoim życiu codziennym?)○○○○○2. Czy czujesz większą drażliwość, niepokój, a nawet smutek podczas prób ograniczenia lub przerwania gry?○○○○○3. Czy czujesz potrzebę spędzania coraz większej ilości czasu grając, w celu osiągnięcia satysfakcji lub przyjemności?○○○○○4. Czy podejmowane próby ograniczenia lub zaprzestania aktywności związanej z grami kończą się niepowodzeniem?○○○○○5. Czy straciłeś/aś zainteresowanie poprzednim hobby lub innego typu rozrywką na skutek Twojego zaangażowania w gry?○○○○○6. Czy kontynuujesz granie pomimo wiedzy, że jest ono przyczyną Twoich problemów/nieporozumień z innymi ludźmi?○○○○○7. Czy kiedykolwiek oszukałeś/aś, okłamałeś/aś kogokolwiek (rodzina, znajomi, erapeuci, nauczyciele itp.) z powodu Twojej aktywności związanej z graniem?○○○○○8. Czy grasz po to by choć na krótki czas uciec od złego humoru lub by złagodzić negatywny nastrój bezradności, poczucia winy, niepokoju itp.?○○○○○9. Czy przez swoją aktywność związaną z grami naraziłeś/aś się na istotne kłopoty w związku, w szkole/uczelni, w pracy?○○○○○[^4]

[^1]: Abbreviations: IGDS9-SF: The Internet Gaming Disorder Scale--Short-Form; λ~ij~: standardized factor loading; *t*: *t*-test statistic; SD: standard deviation; Sk: skewness; Ku: kurtosis; R^2^: R-squared.

[^2]: Note: Chi-square statistics are fit using *S*-χ^2^: generalized chi-square statistic. ([@bb0150]; [@bb0250])

[^3]: Abbreviations: α: discrimination parameter; β: difficulty parameter; χ^2^: Chi-square statistic.

[^4]: Instrukcje: Poniższe pytania dotyczą Twojej aktywności jako gracza podczas ostatniego roku (tzn. w ciągu ostatnich 12 miesięcy). Aktywność gracza oznacza każdą aktywność związaną z grą odtwarzaną z komputera / laptopa, konsoli do gier lub innego urządzenia (np. telefonu komórkowego, tabletu itp.), zarówno online, jak i offline.
